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ABSTRACT

This report presents the postflight trajectory for the Saturn

SA-203 test flight. The primary mission of SA-203, the second of the

Saturn IB series, was to study the behavior of liquid hydrogen in an

orbital environment. Trajectory-dependent parameters are given in

earth-fixed, space-fixed ephemeris and geographic coordinate systems.

A complete time history of the powered flight trajectory is presented

at 1.0 sec intervals from guidance reference release to S-IB/S-IVB

separation and at 5.0 sec intervals from S-IB/S-IVB separation to

insertion. Tables of insertion _onditions and various orbital para-

meters are included in a discussion of the orbital portion of flight.
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By
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SUMMARY

The powered flight trajectory presented here was established from

data provided by external electrical and optical tracking systems and

the onboard data provided by the ST-124M guidance platform. External
data were available from fixed cameras, ODOP, GLOTRAC, GLOTRAC Station I

and C-band radar. The final powered flight trajectory was composed of

ODOP, GLOTRAC Station I, C-band radar and telemetered guidance data.

The GLOTRAC data were the worst received on the past several Saturn

vehicles and were not used in the postflight trajectory.

The S-IVB payload at insertion (443.348 sec) had a space-fixed

velocity 0.8 m/s (2.6 ft/s) greater than nominal, a perigee altitude

of 2.8 km (1.5 nm) greater than nominal and the flight path angle was

0.008 deg less than nominal.



1.0 INTRODUCTION

The SA-203 vehicle was launched from Cape Kennedyon July 5, 1966
at 9:53:17 Eastern Standard Time. Approximately 7 min and 13 sec after
launch, the S-IVB stage's J-2 engine was shut downand the S-IVB stage
which contained the liquid hydrogen (LH2) experiment was inserted into
orbit. Near the end of the fourth revolution the S-IVB stage lost its
structural integrity.

SA-203 was the second flight test of the S-IB and S-IVB stages of
the uprated Saturn I vehicle. The purpose of the LH2 experiment was
to study the behavior of liquid hydrogen in orbit and gather the
necessary information to determine S-IVB stage restart capability. The
evaluation of the experiment can be found in Reference 3.

All times in this report are referenced to RangeZero (9:53:17
Eastern Standard Time) unless otherwise specified. The time of first
motion was determined as 0.63 sec after RangeZero. This time was
defined by the launch area camera coverage. Guidance reference release
time was determined to be 4.485 sec before RangeZero, by comparing
accelerometer data telemetered in range time with data from the guidance
computer which are telemetered in computer time.

Acknowledgementis given to the Data Reduction Branch of the
Computation Laboratory for their support in the preparation of the
tabulated trajectory data.

2.0 COORDINATESYSTEMSANDTRAJECTORYPARAMETERS

The translational displacement of the vehicle's center of gravity
is tabulated in several coordinate systems (described in the Appendix).
An initial displacement of 29.2 m (95.8 ft) locates the vehicle's center
of gravity in the coordlnate system whoseorigin lies on the reference
ellipsoid.

The representative model for the earth and its gravitational field
is the Fischer Ellipsoid of 1960. All latitude and longitude coordinates
are defined with respect to thls ellipsoid.
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The geographic coordinates and gravity data for launch pad 37B at
Cape Kennedyare:

Geodetic Latitude
Longitude
Acceleration of Gravity

28.531857 deg N
80.564953 deg W
9.818 m/s2 (32.21 ft/s2)

The elevations above the reference ellipsoid are:

Baseof launch pedestal
C.G. at first motion

5.6 m (18.4 ft)
33.9 m(lll.2 ft)

The azimuth alignments are:

Launch Az>Imuth
Flight Azimuth
ST-124MPlatform Azimuth

90.0 deg E of N
72.0 deg E of N
72.0 deg E of N

3.0 POWEREDFLIGHTTRAJECTORYANALYSIS

3.1 Data Sources

Tracking data were available from first motion through insertion
(S-IVB CO+ I0 sec). The times of tracking systems coverage are
illustrated in Figure I and itemized in Table I.

The difficulty in maintaining tracking during first stage cutoff
and separation experienced on the Saturn I vehicles has not been noted
on the first two Saturn IB vehicles, AS-201 and AS-203.

3.1.1 Antenna Locations

The antenna locations for the various tracking systems and
the vehicle's center of gravity versus time are shown in Figure 2. The
tracking data used in establishing the reference trajectory were trans-
formed from their reference points (antenna locations) to the vehicle's
center of gravity. This was done to provide a commonreference polnt
for all tracking systems.

3.1.2 GLOTRAC

Reducedmetric GLOTRACdata were available from 30 sec
through powered flight. ComparisonsbetweenGLOTRACand the reference
trajectory are shown in Figures 6 through 8. These comparisons in the
earth-fixed plumbline coordinate s_howmaximumdeviations of 50 m (164 ft)
in XE, 65 m (213 ft) in YE, and 67 m (220 ft) in ZE. Although these
deviations were not unusually largethe data were very rough,particularly
in the velocity components. The YE componentmakesa shift of nearly
70 m (230 ft) at 260 sec which is the approximate time of handover from

3



the uprange transmitter to the downrangetransmitter. The GLOTRACdata
were the worst received on the past several Saturn vehicles and were not
used in the postflight trajectory. Additlonal information on the SA-203
GLOTRACdata can be found in Reference I.

3. I .3 ODOP

Data from the ODOPtracking system were available from liftoff
to 112 sec and from 125 sec to 143 seconds. ODOPwas not used directly
In the trajectory as on the past several vehicles, but it was used as
Input to the MARLOCKprogram and weighted to have significant influence
on the initial portion of the trajectory. Comparisonsbetween ODOPand
the reference trajectory are shown in Figures 6 through 8. The maximum
difference was 30 m (98 ft) In the YE componentsat 140 seconds.

3.1.4 GLOTRAC Station I

GLOTRAC Station I furnished an independent set of usable

tracking data between 54 and 161 seconds. These data were not as good

as usual and therefore, they were weighted to have less influence in the
MARLOCK program than the ODOP data. Comparisons between GLOTRAC Station I

and the reference trajectory (Figures 6 through 8) show maximum devia-

tions of approximately 37 m (121 ft) in XE, 55 m (180 ft) in YE and 20 m
(66 ft) in ZE.

3.1.5 Radar

The Merritt Island (19.18) radar provided data from 15 sec

throughout the powered flight. Just prior to I00 sec the data had rather

large deviations. On AS-201 there was also a large deviation in the

elevation angle prior to I00 seconds. The maximum deviation in range

after I00 sec is 22 m (72 ft). The azimuth angle agrees very well with

the reference trajectory while the elevation angle is biased by about

0.03 deg. Comparisons with the reference trajectory are shown in Figures 3

through 5.

The Grand Turk (7.18) radar data were reliable from 200 sec

throughout powered flight. There Is a small bias of about 0.02 deg In
the elevation angle. The maximum deviation in range is about 30 m (98 ft).

Comparisons with the reference trajectory are shown in Figures 3 through 5.

Patrick (0.18) radar seemed to have some of the same problems

as Merritt Island (19.18) radar. There are large deviations in all

measurements until about 150 sec of flight. After this time the Patrick
data are excellent; in fact, overall it is the best radar data available

on SA-203. Comparisons with the reference trajectory are shown in

Figure 3 through 5.
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The Grand Bahama (3.18) radar furnished data from 82 sec

throughout powered flight. Comparisons with the reference trajectory
are shown in Figures 3 through 5. The range measurement attained a

maximum deviation of 83 m (263 ft) at 280 seconds. The elevation angle

was biased approximately 0.03 deg and took a sudden shift of about 0.025

deg at 380 seconds. This radar was weighted to have less influence in

the MARLOCK program than the other radar data.

The Bermuda (BDA) radar furnished data from 265 sec throughout

powered flight. Comparisons with the reference trajectory are shown in

Figures 3 through 5. The elevation angle contained a small bias of

approximately 0.02 deg. The range and azimuth angle measurements were in
yery good agreement with the reference trajectory. This is the best

radar data from Bermuda of the past several vehicles.

3.2 Tra"e_e_c_or_Compos it ion

The entire powered flight trajectory from first motion to insertion

was established by the MARLOCK trajectory construction program. The

MARLOCK program uses the telemetered guidance velocity data as the

generating parameter to compute a trajectory which will best fit the

tracking observations, yet retain the smoothness of the guidance data.

The guidance data can vary only in accordance with the coefficients

assigned to each term of an eighteen-term guidance error model. The

guidance error coefficients are determined using the Kalman linear
filtering technique and then applied to the telemetered guidance data

to yield a continuous best estimate type of trajectory.

The following is a summary of the tracking data used in the MARLOCK

program to obtain the final postflight trajectory on SA-203:

Data Source T_De Time Interval Sample

Fr_&ugncy

ODOP Earth-Fixed Positions 20 - II0 2 points

per second

GLOTRAC Station I Earth-Fixed Positions 70 - 135 2 points

per second

Patrick (0.18) Measured Parameters 150 - 400 I point

radar per second

Grand Bahama

(3.18) radar

Measured Parameters 120 - 135 I point

155 - 400 per second

Grand Turk Measured Parameters 225 - 430 I point

(7.18) radar 440 - 490 per second

5



Merritt Island

(19.18) Radar

Measured Parameters 150 - 420 I point

per second

Bermuda (BDA) Measured Parameters 270 - 430 I point

Radar 440 - 550 per second

The MARLOCK program was also constrained to fit the position and

veloclty components at insertion that were obtained by the Orbital

Correction Program (OCP). It should also be noted that observations
were used in MARLOCK after insertion. This was done to get a better

estimate of the guidance error coefficients at the insertion time since

all least square type solutlons diverge near the end of the fitting span.

3.2.1 First Motion Time

A first motion time of 0.63 sec was determined from camera

coverage. The pad measurements 32-B01 and 32-B02 (Displacement at Stub

Fins I and III) which are normally used to obtain first motion time

were unreadable.

3.2.2 Powered F ILqht Tra_

Table II presents a comparison of actual and nominal times

of some of the vehicle events in sequential order. The actual altitude

and surface range are shown in Figures 9 and !0, respectively, for the

entire powered flight. The total inertial acceleration profile for the

powered flight is shown in Figure II. The earth-fixed velocity vector

and the angle between the earth-fixed velocity vector and the local

horizontal plane are shown in Figure 12. The space-fixed velocitv

vector and the angle between the space-fixed velocity vector and the

local horizontal plane (flight path angle) are shown In Figure 13. Mach

number and dynamic pressure are shown for S-IB powered flight in Figure

14. These parameters were calculated using measured meteorological data
to an altitude of 60 km (32 nm). Above this altitude the U.S. Standard

Reference Atmosphere was used.

Various trajectory parameters are given at significant

times in Table III. It should be noted that apex, loss of telemetry

signal and impact apply only to the discarded S-IB stage. Several

parameters are glven for S-IB stage inboard engine cutoff (IECO),

S-IB stage outboard engine cutoff (OECO) and S-IVB stage cutoff (S-IVB

CO) In Table IV. The velocitv gain between OECO and separation due to

thrust decay was 2.9 m/s (9.5 ft/s). The velocity gain from S-IVB CO

to the end of thrust decay was 9.1 m/s (29.9 ft/s), according to the

telemetered guidance data.

Z
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A comparison of the actual and nomlnal trajectory may be

found in Reference 3. The nomlnal trajectory is presented in Reference 2.

The actual trajectory is presented in the metrlc system of

units in Tables X through XII and in the English system of units in

Tables XlII through XV.

3.3 Error Analysis of the ReferenceTrajectory

Data from the various high precision tracking systems are compared

in the earth-fixed plumbline coordinate system with the reference

trajectory in Figures 6 through 8. All data were smoothed and trans-
ferred from the point of track (antenna locations) to a common point,

the vehicle's center of gravity. These curves show only the trend of

the data relative to the reference trajectory. The dispersion of the

various data gives an indication of the validity of the reference

trajectory. During the S-IB portion of the powered flight, the differ-
ences between the reference trajectory and ODCP, GLOTRAC and GLOTRAC

Station l,respectively, are less than 40 m (131 ft). Since there was

quite a bit of trouble experienced by the GLOTRAC system later in flight,
the reliability of all the GLOTRAC and GLOTRAC Station I data are

questionable.

Comparisons of the radar measured parameters with the reference

trajectory are shown in Figures 3 through 5. With the exception of GBI
(3.1'8) radar all of the range deviations are less than 40 m (131 ft).

All of the azimuth angles agree with the reference trajectory within

about 0.02 deg. With the exception of Patrick (0.18) rada[,all of the
elevation angle measurements appear to contain biases of O.02to 0.03

degrees.

An estimate of the probable total uncertainty in the powered flight

reference trajectory is presented in Figure 15. At OECO the position

components are probably accurate to 30 m (98 ft) and the velocity com-

ponents to 0.3 m/s (I.0 ft/s); by S-IVB CO, the maximum uncertainties
have increased to 250 m (820 ft) in position components and 1.0 m/s

(3.3 ft/s) in velocity components.

4.0 S-IB STAGE FREE FLIGHT TRAJECTORY

A theoretical free flight trajectory was computed for the discard-

ed S-IB stage using initial conditions from the reference trajectory.
Nominal retro-rocket performance and outboard engine thrust decay were

assumed. No radar tracking data were available on the S-IB stage after

separation to confirm the results obtained by the free flight trajectory
simulation.



Since the attitude angles of the stage during re-entry were unknown,
nominal tumbling drag coefficients were assumed. In addition, nominal
coefficients of drag were used assuming the stage (I) stabilized at an
angle of attack of 90 deg, (27 stabilized at an angle of attack of 0
deg and (3) stabilized at an angle of attack of 180 deg. These provide
the following dispersions:

Drag Conditions Impact Range Impact Time

Tumbling

0 deg Angle of Attack

90 deg Angle of Attack

180 deg Angle of Attack

809.01 km (436.83 nm)

820.05 km (442.79 nm)

802.92 km (433.54 nm)

817.07 km (441.18 nm)

584.2 sec

525.7 sec

631.9 sec

537.2 sec

The theoretical free flight trajectory utilizing the tumbling drag

coefficient data will be considered as the actual trajectory. The

impact location relative to the launch site is shown in Figure 16. The

S-IB stage trajectory after separation is presented in tabular form in

Tables XVI (metric units) and XVII (English units).

5.0 ORBITAL FLIGHT

5.1 Orbital Trajectory

The SA-203 S-IVB stage was inserted into orbit July 5, 1966 at

15:00:40.348 U.T. (443.348 sec). The orbital parameters were determined

using a least squares differential correction procedure with C-band

radar tracking data as observations.

The prlmary mission of the SA-203 flight was to observe the be-

havior of liquid hydrogen (LH2) In an orbital environment. The venting

activity resulting from this experiment imparted sufficient force to
the vehicle to significantly change the characteristics of the orbit.

Therefore, it was decided that the only way to adequately determine the

orbital trajectory would be to define the orbital parameters for each
revolution. The times associated with the second, third, and fourth

revolutions were arbitrarily chosen to be approximately when the

vehicle crossed the 80 deg West longitude meridian. The orbital

elements at insertion and for the three succeeding revolutions are

shown in Table V. Values for other orbital parameters for the beginning

of each revolution are listed in Table Vl.

Special low range accelerometers were mounted on the SA-203 vehicle
to measure the acceleration in orbit due to venting. However, due to

some malfunction no usable data were obtained from these accelerometers

beyond the first pass over Bermuda and the Canary Islands. It was

then necessary to obtain the venting profile from these less accurate

sources, namely, tank pressure measurements or the inertial guidance



system. The acceleration profiles obtained from the tank nressures

and from the guidance were not the same and neither fitted the tracking

data as well as was desired. By shifting the levels of some of the

venting impulses, a fairly good fit of the tracking data was obtained

The acceleration profiles due to venting that were used in the Orbital

Correction Program (OCP) for each revolution are shown in Table VIII.

It should not be construed to mean that this venting profile is more

accurate or more likely, but it is presented here merely to show what

was used in the OCP to obtain the orbital parameters presented in

Table VI. Work Is continuing on an analysls of the problems caused

by venting in an orbital solution, and the methods that must be applied

to surmount these problems. This analysis will be published at a

later date.

The stations used in obtaining the initial conditions for each

revolution, the number of observations and the Root Mean Square (RMS)

error of the residuals associated with each data type are shown in

Table VII. The RMS residual errors quoted represent the difference

between the actual radar observations and the calculated observations

based on the orbital ephemeris defined by the initial conditions.

Included in the RMS residual errors are high frequency errors (assumed

Gaussian), systematic errors due to instrumentation biases, mathematical

model error and atmospheric refraction errors. The maximum RMS error

of the radar residuals was 23 m (75 ft) in range, 0.03 deg in elevation

and 0.01 deg in azimuth. According to design specifications the

expected high frequency errors of the measuring systems are 3 m (I0 ft)

in range, and 0.005 deg in the angles for the FPQ-6 and TPQ-18 radars;

6 m (20 ft) in range, and 0.01 deg in the angles for the FPS-16 radars.

It should be noted that some of the data overlap and are used both at

the end of one revolution and at the beginning of the next. This was

done in an attempt to minlmize the discontinuities between the revolu-

tions.

Obvious systematic bias errors are present in some of the azimuth

and elevation residuals. The relative weighting of the observations

used in the solutions, according to the expected high frequency errors,

requires that the solutions be primarily determined by the range

observatlons. Therefore, for the most part, bias errors of the

magnitudes observed do not affect the solution parameters shown by

any appreclable amount. One noticeable exception is a 55 deg bias which

was removed from Woomera azimuth data.

5.2 Orbital Trajectory Analysis

Insertion condition solutions were made using Bermuda data at

insertion, the Carnarvon and Woomera data and the White Sands and

Merritt Island data at the end of the first and beginning of the second

earth revolutions, respectively, in various combinations. Solutions



were obtained for all data sources uslng different venting profiles

(from guidance and from tank pressures). Considering the reasonable

solutions, the Insertion parameters are accurate to 250 m (820 ft) in

position components and 1.0 m/s (3.3 ft/s) in velocity components.

An independent solution of the orbital insertion parameters using

powered flight tracking and guidance data shows a maximum deviation of
150 m (492 ft) and 1.0 m/s (3.3 ft/s) in any position or velocity com-

ponent compared to the orbital tracking insertion solution quoted. The

powered flight trajectory quoted has been constrained to the orbital

tracking insertion elements shown in Table V.

The relative agreements between the independent orbital and powered

flight solutions indicate a maximum error in the quoted insertion posi-

tion and velocity components of 250 m (820 ft) and 1.0 m/s (3.3 ft/s),

respectively.

Initial conditions were obtained at the beginning of each revolu-
tion. There are some discontinuities if the initial conditions of one

revolution are integrated forward to the beginning time of the next
revolutions. These discontinuities are less than 600 m (1968 ft) in

position components and less than 2 m/s (7 ft/s) in velocity components.
These discontinuities can most likely be attributed to the uncertainty

in the venting model.

5.3 Orbital Tracking Summar_

Orbital tracking of the SA-203 vehicle was conducted by the HASA

Space and Tracking and Data Acquisition Hetwork (STADAN). The network

is composed of the Minitrack and Minitrack Optical Tracking Statlons,

the Manned Space Flight Network (MSFN) supported by elements of DOD

(a global network of tracking stations), and additional optical tracking

support by the Smithsonian Astrophysical Observatory (SAO) optical

tracking network. No optical tracking data were received, and there
was no Minitrack beacon aboard SA-203, so the tracking data utilized

consisted entirely of radar data from the MSFN.

Table IX summarizes the tracking data received for the orbital
lifetime of the SA-203 vehicle from insertion until structural integrity

failed near the end of revolution 4 or beginning of revolution 5. The

last valid radar track was obtained by the Hawaii tracking station on
revolution 4. Merritt Island received some telemetry from the vehicle

at the beginning of revolution 5. An abrupt loss of telemetry signal
occurred near the scheduled end of this period of tracking. The next
station scheduled to track was Trinidad; however, this station tracked

approximately 200 pieces of debris. It is assumed that breakup occurred
in the interval between Merritt Island loss of signal and Trinidad

acquisition. This is shown as the shaded area on the map, Figure 17.

I0



The venting model used Is presented in Table VIII. The accelera-

tion magnitudes llsted for the continuous vents were broken down into

the Space-Fixed Ephemeris Coordlnafe System components and these were

added directly to the Cowell equations of motion in the same ratlo as

the velocity components at the corresponding integration tlme step. The

magnitude of acceleration applicable between begin and end times was

determined by a two-point linear interpolation scheme. Those vents

listed as "impulses" were simply added to the velocities at the time

listed.

II
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Data Source

Fixed Camera

ODOP

GLOTRAC Station I

TABLE I

TRACKING DATA SOURCES (POWERED FLIGHT)

Time Available (sec)

GLOTRAC

Patrick (0.18) Radar (FPQ-6)

Cape Kennedy (1.16) Radar (FPS-16)

Merritt Island (19.18) Radar (TPQ-18)

Grand Bahama (3.18) Radar (TPQ-18)

Grand Turk (?.i8) Radar (TPQ-18)

Bermuda (BDA) Radar (FPS-16)

0 - 19

0 - 112

125 - 143

54 - 161

344 - 441

30 - 443

25 - 443

I0 - 26O

15 - 441

82 - 443

198 - 443

265 - 443
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TABLE II

TIMES OF EVENTS

Event

Guidance Reference Release

First Motion

Liftoff Signal

Pitch Command

Roll Command

Roll Completed

Tilt Arrest

Inboard Engine Cutoff

Outboard Engine Cutoff

Separation

S-IVB Ignition

Start IGM

S-IVB Guidance Cutoff Signal

Orbital Insertion

Actual

-4.485

0.63

0.86

12.2

12.2

30.1
L

133.9

139.24

142.68

143.44

144.89

158.49

433.348

443.348

Range .Time

Nominal

0.63

0.83

I0.8

10.8

28.8

134.6

140.44

143.44

44.24

145.64

157.73

436.253

446.253

Act-Nom

0.00

0.03

1.4

1.4

1.3

-0.7

-I .20

-0.76

-0.80

-0.75

0.76

-2.905

-2.905
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Station

Bermuda Island

(FPS-16)

TABLE VII

SOLUTION TRACKING SUMMARY FOR EACH REVOLUTION

Time of Track Data Valid

(Unlversal Time_ Type Observations

15:01:12 AZ 20

15:03:54 EL 22

RA 21

Carnarvon,Australia

(FPQ-6)

15:46:06 AZ 25

15:48:54 EL 26

RA 26

Woomera,Australia
(FPS-16)

5:53:30 AZ 8

5:54:18 .... EL 9

RA 9

White Sands, New Mexico
(FPS-16)

6:26:54 AZ I0

6:27:48 EL 9

RA I0

Merritt Island, Florida

(TPQ-18)

16:27:48 AZ 58

16:33:18 EL 57

RA 55

RMS Error of

Residuals

0.009 deg

0.020 deg
4 m (13 ft)

0.009 deg

0.007 deg
14 m (46 ft)

0.005 deg

0.005 deg
23 m (75 ft)

0.015 deg

O.027:deg
6 m (20 ft)

0.011 deg

0.020 deg
17 m (56 ft)

TRACKING USED FOR SOLUTION OF SECOND
REVOLUTION INITIAL CONDITIONS

Station Time of Track

(Universal time)

Data Valid

Type Observations

Bermuda Island
(FPS-16)

16:31:12 AZ 56

16:37:00 EL 51

RA 59

Carnarvon, Australia

(FPQ-6)

17:17_48 AZ 52

17:23:48 EL 49

RA 55

White Sands,New Mexico
(FPS-16)

7:55:48 AZ 58
8:01:42 EL 49

RA 49

Merritt Island,Florida

(TPQ-18)

8:03:12 AZ 41

18:07:18 EL 35

RA 41

RMS Error of

Residuals

0.011 deg

0.008 deg
12 m (39 ft)

0.003 deg

0.024 deg
17 m (56 ft)

0.025 deg

0.010 deg
35 m (115 ft)

0.009 deg

0.043 deg
25 m (82 ft)
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Station

Bermuda Island

(FPS-16)

TABLE VII (CONT'D)

Time of Track Data

(Universal Time) Type

Valid

Observations

18:04:42 AZ 48

18:09:48 EL 49

RA 47

RMS Error of

Residuals

0.005 deg

0.020 deg
14 m (46 ft)

TRACKING USED FOR SOLUTION OF

THIRD REVOLUTION INITIAL CONDITIONS

Station Time of Track

(Universal Time )

Data Valid RMS Error of

Type Observations Residuals

Bermuda Island

(FPS-16)

18:04:42 AZ 36

18:09:48 EL 37

RA 33

Carnarvon,Australia

(FPQ-6)

r_:51:06 AZ 66

18:57:48 EL 51

RA 63

White Sands,New Mexico

(FPS-16)

19:29:00 AZ 50

19:34:30 EL 46

RA 52

Merritt Island, Florida

(TPQ-18)

19:36:18 AZ 40

19:40:12 EL 33

RA 35

0.015 deg

0.034 deg
5 m (16 ft)

0.010 deg

0.012 deg
16 m (52 ft)

0.037 deg

0.021 deg

9 m (30 #t)

0.012 deg

0.013 deg
18 m (59 ft)

TRACKING USED FOR SOLUTION OF

FOURTH REVOLUTION INITIAL CONDITIONS

Station Time of Track

(Unlversal Time)

Data Valid

Type Observations

Merritt Island,Florida

(TPQ-18)

Antigua Island (FPQ-6)

Ascension Island (TPQ-18)

Hawaii (FPS-16)

19:36:18 AZ 32

19:40:12 EL 38

RA 31

19:39:48 AZ 22

19:42:00 EL 15

RA 18

19:53:54 AZ 49

19:59:12 EL 40

RA 46

20:50:24 AZ 51

20:55:30 EL 38

RA 43

RIMS Error of

Residuals

0.006 deg

0.023 deg

15 m (49 ft)

0.016 deg

0.009 deg

9 m (30 ft)

0.011 deg

0.007 deg
4 m (13 ft)

0.015 deg

0.013 deg
75 m (246 ft)
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Begin Time (sec from
RangeZero)

444

510

1500
4250

5521

TABLEVlll
VENTINGPROFILE

REVOLUTIONI

EndTime (sec from
RangeZero)

510

1500

4250

5521

*5893

Begin Acceleration
(m/s2)

5.72 X 10-3

1.24 X 10-3
-31.42 X I0

4.70 X 10 -4

4.03 X 10 -3

End Acceleration

(m/s2)

4.03 X 10-3

1.42 X 10-3

4.70 × 10 -4

3.70 X 10-4

*2.53 X 10-3

"5521

5893

5905

6300

7480

REVOLUTION 2

5893

5905

6300

7480

11237

*5. 942 X 10-3

-2
6.094 X I0

1.981 X 10-3

8.893 X 10-4

4.952 X 10-4

-3
3.719 X I0

6.094 X I0-2

8.893 X 10-4

4.952 X 10-4

4.952 X 10-4

11540

11639

11663

125OO

14325

14480

REVOLUTION 3

11639

11663

12500

14325

14480

*17103

4.225 X 10-3

5.756 X 10 -3

-3
1.638 X I0

6.359 X 10-4

-3
4.333 X I0

2.695 X 0 -4

3.643 X

5.756 X

6. 359 X

5.281 X

3. 546 X

1.617 X

0-3

0-3

0-4

0-4

0-3

0-4

*14480

17103

17600

18520

20560

*Indicate overlapping vents

REVOLUTION 4

171O3

17600

18520

20560

22640

"2.731X 0-4

3.911X 0-3

2.513 X 0-3

1.551X 10-3

9.614 X 10-4

I.639 X 10-4

2.513 X 10-3

-3
1.551X I0

9.614 X 10-4

7.538 X I0-4
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TABLE IX

ORBITAL TRACKING SUMMARY

*Includes power flight data

Station I

Patrick X*

MILA ×* X

Grand Turk X*

Bermuda X* X

Canary Island X X

Carnarvon X X

Woomera X X

California X X

White Sands X X

Eglin AFB X X

Hawaii X

Antigua

Ascension

REVOLUTION

2 3

X

X

Revolution I began at 15:00:40.348 U,T. (443.348 sec Range Time)

Revolution 2 began at 16:27:08 U.T. (5692 sec Range Time)

Revolution 3 began at 18:00:23 U.T. (11292 sec Range Time)

Revolution 4 began at 19:33:43 U.T. (16893 sec Range Time)

X

X

X

X

X

4O
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Symbol

XE,YE,ZE

DXE, DYE, DZE

DDXE,DDYE, DDZE

XSP,YSP,ZSP

DXSP,DYSP,DZSP

DDXSP,DDYSP,DDZSP

APPENDI X

DEFINITIONS OF SYMBOLS

Definitions

Position, velocity and acceleration com-

ponents in the Earth-Fixed Plumbline

Coordinate System. The projection of the
center of gravity of the complete vehicle
at first motion onto the Fischer

Ellipsoid of 1960 is the origin of this

coordinate system. At this origin the

X-Z plane is tangent to the reference

ellipsoid. The positive X-axis points
downrange in the flight azimuth direction,

72.0 deg E of N. The Y-axis is normal

to the X-Z plane and positive above the

origin. The Z axis is normal to the X-Y

or flight plane and is in a right hand

relation to the X-Y axes with the posi-

tive direction 162.0 deg E of N. The

earth-fixed coordinate system is shown
in Figure 18.

Position, velocity and acceleration com-

ponents in the Space-Fixed Ephemeris
Coordinate System. The origln of this

system is located at the geocentric center

of the earth. The Z-axis points north

along the earth's axis of rotation (through

the north pole). The X-Y plane is

coincident with the equatorial plane.
The X-axis points through the vernal

equinox. The reference equinox and

equator are the mean equinox and equator

of date for the epoch of midnight at zero
hours on the day of launch. The Y-axis

is normal to the X-Z plane and is in a

right hand relation to the X-,Z-axes.

The direction of the coordlnate axes re-

main fixed in space al_hough the orlgln
continues to move with the center of the

earth. The space-fixed ephemeris

coordinate system is shown in Figure 18.
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Symbol.

E.C. DIST

LONG

G.C.LAT

E.F. VEL

VEL-AZ

VEL-ELEV

S.F. VEL

FLT-PATH

HEAD

DEFINITIONS OF SYMBOLS (CONT'D)

Definition

Position of vehicle in the Geog.raphle Coordinate
System. Position in this system is defined by
the radius vector from the vehicle to the

geocentric center of the earth (E.C.DIST), geo-

centric latitude (G.C. LAT) and longitude (LONG).
The subvehicle point is the intereeotion of

the reference ellipsoid and the reference

ellipsoid normal passing through the point of

interest (vehicle's center of gravity). The

geocentric latitude and longitude refer to
the subvehicle point. Geocentric latitude is

the angle between the vector from the earth's

geocentric center to the subvehicle point and

the equatorial plane. Longitude is the angle
between the projection of the radius vector

into the equatorial plane and the Greenwich

meridian, measured positive east of the Greenwich
meridian.

Earth-fixed velocity of vehicle in the Geo-

graa_c Coordinate System. Velocity in this
system is given in terms of azimuth (VEL-AZ),

elevation (VEL-ELEV), and magnitude of the

velocity vector (E.F.VEL). Azimuth is the

angle between the projection of the velocity

vector into the local horizontal plane and

the north direction in this plane. E_evation

is the angle between the velocity vector and

the local horizontal plane. The local

horizontal plane is defined as the plane

perpendicular to the radius vector from the

vehicle to the geocentric center of the earth.

The geographl¢ coordinate system is shown in

Figure 18.

Space-fixed velocity of the vehicle in

the Geographic Coordinate System.

Velocity is given in terms of flight-

path angle (FLT-PATH), heading angle

(HEAD) and magnitude of the velocity

vector (S.F.VEL). The flight-path angle

is the angle between the space-flxed
velocity vector and the plane normal to
the radius vector _rom the vehicle to
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S__ymbol

S.F. VEL

FLT-PATH

HEAD

LAT

MACH
r

ALTITUDE

RANGE

Mean Sidereal Time

Orbital Element

DEFINITIONS OF SYMBOLS (CONT'D)

Definitions

the geocentric center of the earth,

measured positive upward from this plane.

The heading angle is measured positive

clockwise from north to the projection

of the space-fixed velocity vector in the

plane normal to the radius vector.

Geodetic latitude of vehicle.

Mach number.

Distance from subvehicle point to the

vehicle's center of gravity measured

along the radius vector from the vehicle

to the geocentric center of the earth.

Surface range measured along a spherical
earth from the launch site to the sub-

vehicle point.

The Mean Sidereal Time is the angle

between the mean vernal equinox and

the Greenwich meridian for the epoch

of midnight on the day of launch.

The Orbital Element System is defined
by six osculating elements of the two

body ellipse with the reference body

being determined by the body constants

used, normally those of the earth. The

elements are the semi-major axis of the

ellipse; the eccentricity; the right

ascension node (point of intersection of

the orbital plane and earth equatorial
plane); the inclination of the orbital

plane to the earth equatorial plane; the

argument of perigee or the angle between

the ascending node and the perigee; the

true anomaly or the angle between the

perigee point and the satellite point.
The various orbital elements are shown

in Figure 18.
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